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[57] ABSTRACT

This invention relates to novel intermediates and novel
processes for thetr preparation where said intermediates
are useful in the preparation of 5’-oxygenated deriva-
tives (I) of lovastation and analogs thereof at the 8'-acyl
side chain and 6'-position of the polyhydronaphthyl
ring. Dertvatives (I) and analogs thereof are useful in
treating hypercholesterolemia.
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1 _ 9
INTERMEDIATES AND PROCESSES IN THE
PREPARATION OF 5-OXYGENATED HMG-COA "'"CI:‘-:
' REDUCTASE INHIBITORS 5 L
BACKGROUND OF THE INVENTION or

Hypercholesterolemia is known to be one of the
prime risk factors for ischemic cardiovascular disease,
such as arteriosclerosis. Bile acid sequestrants have been 10 |
used to treat this condition; they seem to be moderately |
effective but they must be consumed in large quantities, H
1.e. several grams at a time, and they are not very palat- |
able. | and when d is a double bond, M is

MEVACOR® (lovastatin), now commercially. =
avallable, in one of a group of very active antihypercho-
lesterolemic agents that function by limiting colesterol
biosynthesis by inhibiting the enzyme, HMG-CoA re-
ductase. In addition to the natural fermentation prod- g

ucts, mevastatin and lovastatin, there are a variety of | ' . ‘ |
semi-synthetic and totally synthetic analogs thereof. U.K. Pat. No. 2,075,013 discloses semi-synthetic hy- .

The naturally occurring compounds and their semi-  droxy containing compounds represented by the above
synthetic analogs have the following general structural =~ general formula wherein R* is: | |

|.
=C.

|

H

formulae: 25
HO, 0 HO | i
“ " CO4R - /CH?-
OR 10 RZ—=O  CHy
0 ’ OH Me
ﬁ‘# %#
. R! OH
wherein:

Rz hydrogen, C1-5 alkyl or C;_s5 alkyl substituted with a 3 OH
member of the group consisting of phenyl, dimethyl-

. : - - 1 ; 7
amino, or acetylamino; and wherein R' 1s H or Me, and R-is H or acyl.

U.S. patent application Ser. No. 048,136 filed May 15,
40 1987 discloses 6-substituted compounds of the above
general formula wherein R* is: |

| |
45 C ...--"CHE

| | CH:
wherein Q is - | - "
| 50 R -

| | wherein R 1s CH>OH,
R’—(lf— or Ri-(lzﬁ;

CH '
: - 55 0
. . CH->QCR".
R515H0rOH;Mls "
| COsR7 or
PP
CHR®, | ‘i:l)
R¢is hydrogen or hydroxy; CNRPRY;

RZis hydrogen or methyl; and a, b, ¢, and d represent | o
single bonds, one of a, b, ¢ or d represents a double (s and R, R4, R, R8and R® are broadly defined organic

bond, or both a and ¢ or both b and d represent dou-  moieties. _ .
ble bonds provided that when a is a double bond, Q is U.S. Pat. Nos. 4,604,472 and 4,733,003 disclose com-

pounds of the above formula wherein R* is:
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|
CH»
OX CH,”
CH;
Y Q"*‘RZ
|
Rl

wherein X represents a hydrogen atom or a 2-methylbu-
tyryl group, Y represents a hydrogen atom or a methyl
group and R!and R? are the same or different and each
represents an oxygen atom or a group of formula
—=N—OR? where R3 is a hydrogen or alkyl moiety.

Copending U.S. patent application Ser. Nos. 131,695
filed Dec. 11, 1987 and 161,530, 161,579, and 161,529
filed Feb. 29, 1988 disclosure synthetic schemes di-
rected to the preparation of 6-hydroxymethyl-lovastatin
analogs.

DETAILED DESCRIPTION OF THE
INVENTION

This invention relates to novel intermediates and
novel processes for their preparation where said inter-
mediates are useful in a novel preparation of 5'-
oxygenated derivatives (I) of lovastatin and analogs
thereof at the 8'-acyl side chain and 6'-position of the
polyhydronaphthyl ring. Said derivatives (I) and ana-
logs thereof are useful in treating hypercholesterolemia

and are disclosed in copending patent application Ser.
No. 213,010 filed June 29, 1988.

o (I)

HO,

L
L |
b
L.

wherein:
R is selected from:
(1) Ci-10 alkyl;
(2) substituted Ci.10 alkyl in which one or more sub-
stituent(s) is selected from
(a) halogen,
(b) hydroxy,
(c) Ci-10 alkoxy,
(d) Ci-5 alkoxycarbonyl,
(e) Ci-5 acyloxy,
(f) C3_g cycloalkyl,

(g) phenyl,
(h) substituted phenyl in which the substituents are X

and Y,
(i) Ci-10 alkylS(0), in which n is O to 2,
(j) Cs-3 cycloalkylS(0),, o
(k) phenylS(0),,
(1) substituted phenyiS(0), in which the substituents
are X and Y, and
(m) oxo;
(3) Ci-10 alkoxy;

d
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(4) C>-10 alkenyl:
(5) Ci_g cycloalkyl;
(6) substituted Cj3_g cycloalkyl in which one substitu-
ent 1s selected from
(a) Ci-10 alkyl
(b) substituted Ci_ig alkyl in which the substituent
is selected from
(1) halogen,
(i1) hydroxy,
(111) Cq-10 alkoxy,
(iv) Ci-s5 alkoxycarbonyl,
(v) Ci-s acyloxy,
(vi) phenyl,
(vi1) substituted phenyl in which the substituents
are X and Y
(viil) Ci-10 alkylS(0),,
(1x) Cs3-g cycloalkylS(0),,
(X) phenyls(o)m
(x1) substituted phenylS(0), 1n which the substit-
uents are X and Y, and
(x11) OXo0,
(c) Ci-10 alkylS(0),
(d) Cs_g cycloalkylS(0),,
(e) phenylS(0),,
() substituted phenylS(0), in which the substituents
~ are X and Y,
(g) halogen,
(h) hydroxy,
(1) Ci-10 alkoxy,
(3) Ci1-s5 alkoxycarbonyl,
(k) Ci-s acyloxy,
(1) phenyl, and
(m) substituted phenyl in which the substituents are
X and Y;
(7)phenyl;
(8) substituted phenyl in which the substituents are X
and Y;
(9) amino;
(10) C,-5 alkylamino;
(11) di{C_5 alkyl)amino;
(12) phenylamino;
(13) substituted phenylamino in which the substitu-
ents are X and Y;
(14) phenyl C;_io alkylamino;
(15) substituted phenyl Ci_j9alkylamino in which the
substituents are X and Y;
(16) a member selected from
(a) piperidinyl,
(b) pyrrolidinyl,
() piperazinyl,
(d) morpholinyl, and
(e) thiomorpholinyl; and
(17) RsS in which Rs is selected from
(a) Ci_10 alkyl,
(b) phenyl, and
(c) substituted phenyl in which the substituents are
X and Y:
R4 1s;
(1) hydrogen;
(2) Cy-10 alkyl; and
(3) substituted Ci_1p alkyl in which one or more sub-
stituents is selected from
(a) halogen,
(b) hydroxy,
(c) Ci-10 alkoxy
(d) Ci-s5 alkoxycarbonyl,
(e) Ci-s5 alkylacyloxy,
(f) phenylacyloxy,
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S

(g) phenoxycarbonyl,

(h) phenyl Ci_5 alkylacyloxy,

(1) phenyl Ci_s alkoxy,

(j) amino, |

(k) Ci-5 alkylamino,

(1) di(C1-s alkyl)amino,

(m) phenylamino,

(n) substituted phenylamino in which the substitu-
ents are X and Y;

(o) phenyl Cj_s5 alkylamino,

(p) substituted phenyl Ci_s alkylamino in which the
substituents are X and Y,

- (q) C3-g cycloalkyl,

(r) phenyl,

(s) substituted phenyl in which the substituents are
X and Y,

(t) phenylS(0),

(u) substituted phenyl S(0), in which the substitu-
ents are X and Y,

(v) phenyl Ci_5 aikyl S(0),,

(w) Ci-s alkylS(0),;

(x) phenylaminoacyloxy,

(y) Ci-salkylaminoacyloxy,

Ry’

10

15

20

O 0 0 0
J i | )

—P—RgRg9, —CNRgR9, or ==C—Rg, =—C—0—R3,

phenylC,.3alkyl, Ci.salkyl;

Rg and Rg independently are H, Ci.3alkyl, phenylC,_

jalkyl or aryl wherein aryl is phenyl naphthyl, pyri-
dyl, furanyl, thienyl or phenyl, naphthyl, pyridyl,
furanyl or thienyl substituted with groups X and Y
provided that when Ry is

0
J
—C—0—Rs,

Rs is not H and when R is

O
l
~~P—R3sRg

neither Rg nor Rg is H;

X and Y are independently selected from:

(z) Ci-salkylacylamino, (a) OH,
(aa) di(phenylC;.saikyl)phosphonyl 25 (b) halogen,
(bb) di(Cj-salkyl)phosphinyl (c) trifluoromethyl,
(4) R4 together with the carbon atom to which 1t is (d) Ci-3alkoxy,
attached represents a C3_g carbocyclic ring; (¢) C1-3alkylcarbonyloxy,
Rs5 and R¢ independently are H, OH, OR7yor Rsand Re (f) phenylcarbonyloxy,
together with the carbon to which they are attached 30 () Cy_jalkyoxycarbonyl,
represent C=0 or Rs and R¢ together with the car- (h) phenyloxycarbonyl,
bon to which they are attached represent a carbocy- (i) hydrogen; |
clic ring of 4 to 7 atoms; provided that when Rsis H, (j) Ci-salkyl:;
R¢1s OH or OR7, and when Rsis OH, Reis H, and 4 is 5 single bond or a double bond.
when Rs1s OR7, Re1s H; 35 The 5-oxygenated derivatives of formula (I) are pre-
R71s pared as shown in Schemes 1 and 2. Scheme 1 provides
the basic methodology in the synthesis of the 5-
oxygenated derivatives when the 3,4-bond in the
polyhydronaphthyl ring is saturated, and Scheme 2
40 describes a modification to incorporate unsaturation in
the 3,4-bond.
SCHEME 1
TO = O TO #0
O O
ﬁ' = ﬁ) = .
= (AriP)3; RhCl = NBS
AN 5 R,” N0 Y/ THF/DMSO =
=y CH;

2)
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-continued
SCHEME 1
TOL #O TOA *ﬁO
O O
0 ﬁ =
[ PCC/CHCl5 = Zn/HOAc
—— > 2 >
RIAQ v/ RIAO '/
= H H ¥
‘ CH3 CH;3
' R ) E
R4 Br ) I Br
(3) SN C)
TOAL {__,O TO #O TOA
O O
O R ?? = | ~ﬁ? =
I NaBHj4 = CICOCI/NE; =
= > =
RlAQ —% RlAC_) BnyNH RlAQ v/
= H = H = H
CHj3 CH;j
Ry
i H
O OCONBm
(3) (6) (10)
I. PhCHCHOCH;;/C5A
BnNCO (Ph)»POCI 2. H», Pd/C
DMF/CuCl DMAP
T0O A #O TOL_ #’,O TO #O
O O O

i
N

ow
O
.
MEIH
~
D
L
N
s
Nile!
.5
ST

CH: CH;
R4’ R4’ iE{
O OP(Ph);
AN | |
C(O)—NHBenzyl O
(7 | (3) (9)
SCHEME 2
TOAL #0 TOA ,;,-*',.,-O
._ 0 0
- ﬁ = ~ AgNOs, ﬁ =
R N > CH}ClCHgCl ? /\O =
l _(.::? H K Zgﬁ‘lUIidine : T:_: H (
CH; CH;

Ry

A
-

(4) _ (11)

PhSH. AlEt(C]
CH-»Cl>
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9 10
-continued
SCHEME 2
TO ﬁ#*tj T0O 1§;()
O O
O - = O =
/I'I\ = CPBA /'!'I\ =
RTTe <o R
~ CHj CH;
R’y = R’y
| H
O O SPh
(13) (12)
n-BuyNF/THE/HOACc
HO _ 1ﬁ;() HO ¢§;C)
O O
‘ﬁ’ = ﬁ) | =
P = NaBH4/THF/H,0 P =
R0 - s> g
= = H
CH3;

One embodiment of this invention is the compounds
of formula (3):

35

TO _0 (3)

O O 40
{ = |
R[A Q ‘/
= H
45
- wherein:

ZisClorBr; Tis H tert-butyldlmethylsﬂyl tert-butyl- 350

diphenylsilyl, trimethylsilyl, triethylsilyl, triios-

propylsilyl, or tetrahydropyranyl;
R 1s selected from:

(1) Ci-10 alkyl;

(2) substituted C;_19 alkyl in which one or more sub- 55
stituent(s) is selected from
(a) halogen,
(b) hydroxy,
(c) Ci-10 alkoxy,
(d) Ci-5 alkoxycarbonyl, 60
(e) Ci1-5 acyloxy,
(f) C3-g cycloalkyl,
(g) phenyl, _
(h) substituted phenyl in which the substituents are

X and Y, 65

(1) Ci-19 alkylS(O), 1n which n is 0 to 2,
(j) Ci-s cycloalkylS(O),,
(k) phenylS(O)s,

OH

i

(13)

(1) substituted phenyiS(0), in which the substituents
are X and Y, and
{m) oxo0;
(3) Ci-10 alkoxy;
(4) Cy-10 alkenyl;
(5) Cs-g cycloalkyl;
(6) substituted Cs_g cycloalkyl in which one substitu-
ent is selected from
(a) Ci-10 alkyl
(b) substituted Cj_10 alkyl in Wthh the subsutuent
is selected from
(1) halogen,
(i1) hydroxy,
(ii1) Cy-10 alkoxy,
(1v) Ciy-s alkoxycarbonyl,
(v) Ci-5 acyloxy,
(vi) phenyl,
(vi1) substituted phenyl in which the substituents
are X and Y
(vii1) Cy-19 alkylS(O),,
(1x) Cj3_3 cycloalkylS(O),,
(x) phenylS(O),,,
(x1) substituted phenylS(QO),, in which the sub-
stituents are X and Y, and
(x11) 0xo0,
(¢) Ci-10 alkylS(O),,
(d) Ci-g cycloalkylS(O),,
(¢) phenylS(O),,
(f) substituted phenylS(O), in which the substitu-
ents are X and Y.
(g) halogen,
(h) hydroxy,
(1) Ci-10 alkoxy,
(J) Ci-s5 alkoxycarbonyl,
(k) Ci-5 acyloxy,
(1) phenyl, and
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(m) substituted phenyl in which the substituents are
X and Y; |
(7) phenyl;
(8) substituted phenyl in which the substituents are X
and Y: 5
(%) amino; |
(10) Cy-5 alkylamino:;
(11) di(Ci-s alkylamino;
(12) phenylamino:;
(13) substituted phenylamino in which the substitu- 10
ents are X and Y:
(14) phenyl C;_1g alkylamino:;
(15) substituted phenyl Cj.jgalkylamino in which the
substituents are X and Y;
(16) a member selected from
(a) piperidinyl,
(b) pyrrolidinyl,
(c) piperazinyl, -
(d) morpholinyl, and
(e) thiomorpholinyl; and
(17) R5 S in which Rs is selected from
(a) Cy-10 alkyl,
(b) phenyl, and
(c) substituted phenyl in which the substituents are
X and Y;

13

20

23

R's41s CH3, CH,TO or H;

X and Y are independently selected from:
(a) OH,

(b) halogen,

(c) trifluoromethyl,

(d) Ci-3alkoxy,

(e) Ci-zalkylcarbonyloxy,

() phenylcarbonyloxy,

(g) Ci-3alkoxycarbonyl,

(h) phenyloxycarbonyl,

(1) hydrogen;

(J) Ci-salkyl.

In one class of this embodiment are compounds (3)

30

35

wherein:
Z 1s Br;
R 1s selected from:

40

(1) Ci-10 alkyl;
(2) substituted C;_jg alkyl in which one or more sub-
stituent(s) is selected from
(a) halogen,
(b) hydroxy,
(c) Ci-10 alkoxy,
(d) Ci-s alkoxycarbonyl,
(e) C1-5 acyloxy,
() Cs-g cycloalkyl,
(g) phenyl,
(h) substituted phenyl in which the substituents are
X and Y, and
(1) oxo;
~ (3) Cs_3 cycloalkyl;
(4) substituted C;_g cycloalkyl in which one substitu-
ent is selected from
(a) Ci-io alkyl,
(b) substituted Ci_jg alkyl in which the substituent
1s selected from
(1) halogen,
(i1) hydroxy,
(111) Ci..10 alkoxy
(1v) Ci-s5 acyloxy,
(v) Cy-s alkoxycarbonyl,
(vi) phenyl,
(vii) substituted phenyl in which the substituents
- are X and Y, and

45

50

35

63

12
(viil) oxo,
(c) halogen,
(d) hydroxy,
(e) Ci-10 alkoxy,
(f) Ci-5 alkoxycarbonyl,
(g) Ci-5 acyloxy,
(h) phenyl,
(1) substituted phenyl in which the substituents are
X and Y
(5) phenylamino;
(6) substituted phenylamino in which the substituents
are X and Y;
(7) phenylCi_palkylamino; and
(8) substituted phenyl Cj.10 alkylamino in which the
substituents are X and Y;
X and Y are independently selected from
(a) OH,
(b) F,
(c) trifluoromethyl,
(d) Cj-3alkoxy,
(e) hydrogen;
(f) Ci-salkyl.
In a subclass are the compounds of formula (3)
wherein:
Ry is Ci-joalkyl;
R’'41s CH; or CH,TO.
Exemplifying this subclass are the following com-
pounds (2) selected from the group wherein:
(a) Ry is 2-methyl-2-butyl, R’y is CHj, T is tert-butyl-
dimethylsilyl;
(b) Ry is 2-methyl-2-butyl, R4 is CH5TO, T is tert-
butyldimethylsilyl:
(c) Riis 2-butyl, R'4is CHj, T is tert-butyldimethylsi-
lyl;
(d) Riis 2-butyl, R’y is CH,;TO, T is tert-butyldime-
thylsilyl.
In a second embodiment is the compounds of formula
(4-11)

TO __..-_-::-O (4-11)
O
0O v
I
le HQ =
= H
CH;
Rr Mhhha
1
|
O
wherein:
M 1s
| |
""'(l.'f""' or —C=_:

Z

Z i1s Cl or Br:

T 1s H, tert-butyldimethylsilyl, tert-butyldiphenylsilyl,
trimethylsilyl, triethylsilyl, triiospropylsilyl, or tetra-
hydropyranyl;

R i1s selected from:

(1) Ci-10 alkyl;
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(2) substituted Cj-1g alkyl in which one or more sub-
stituent(s) 1s selected from
(a) halogen,
(b) hydroxy,
(c) Ci-10 alkoxy,
(d) Cy-5 alkoxycarbonyl,
() Ci1-5 acyloxy,
() Cs_g cycloalkyl,

(g) phenyl,
(h) substituted phenyl in which the substituents are

X and Y,
(1) Ci-10 alkylS(O), in which n is 0 to 2,
() Cs-3 cycloalkylS(O),,
(k) phenyls(o)ﬂr
(1) substituted phenylS(O), in which the substitu-
ents are X and Y, and
- (m) oxo;
(3) Ci-10 alkoxy;
(4) Cr-10 alkenyl;
(5) Cs-g cycloalkyl;
(6) substituted C;3_g cycloalkyl in which one substitu-
ent 1s selected from
(a) Ci-10 alkyl
(b) substituted Ci.-io alkyl in which the substituent
is selected fro
(1) halogen,
- (11) hydroxy,
(i1) Ci-10 alkoxy,
(1v) Cy-s alkoxycarbonyl,
(v) Ci_5 acyloxy,
(vi) phenyl,
(vi1) substituted pheny! in which the substituted
are Xand Y
(viii) Cy-10 alkylS(O)y,
(1x) Cs-3 cycloalkylS(O),,
(x) phenylS(O)y,
(x1) substituted phenylS(O), in which the substit-
uents are X and Y, and
(x11) oxo,
(C) Cl...l[} alkylS(O);;,
(d) Cs_3 cycloalkylS(O),,
(e) phenylS(O)s,
(f) substituted phenylS(O), in which the substitu-
ents are X and Y,
(g) halogen,
(h) hydroxy,
(1) Ci-10 alkoxy,
() Ci-5 alkoxycarbonyl,
(k) Ci-sacyloxy,
(1) phenyl, and
(m) substituted phenyl in which the substituents are
X and Y;
(7) phenyl;
(8) substituted phenyl in which the substituents are X
and Y;
(9) amino;
(10) Ci-s alkylamino;
(11) di(C,.5 alkylamino;
(12) phenylamino;
(13) substituted phenylamlno in which the substltu-
ents are X and Y;
(14) phenyl C_1¢ alkylamino;
(15) substituted phenyl Ci_jpalkylamino in which the
substituents are X and Y;
(16) a member selected from
(a) piperidinyi, |
(b) pyrrolidinyl,
(¢) piperazinyl,

10
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14

(d) morpholinyl, and
(e) thiomorpholinyl; and
(17) RsS in which Rs1s selected from
(a) Ci-10 alkyl,
(b) phenyl, and
(c) substituted phenyl in which the substituents are
X and Y;

R's1s CH3;, CH>TO or H:
X and Y are independently selected from:

(a) OH,

(b) halogen,

(c) trifluoromethyl,

(d) Ci-3alkoxy,

(e) Ci-3alkylcarbonyloxy,
(f) phenylcarbonyloxy,
(g) Ci-3zalkoxycarbonyl,
(h) phenyloxycarbonyl,
(1) hydrogen;

() Ci-salkyl;

a 1s a single bond or a double bond provided that when
M 1s C-Z a 1s a single bond. |

In one class of the embodiment of compounds (4-11)

‘are compounds (4) wherein:
M is

Z 1s Br:
R 1s selected from:

(1) Ci-10 alkyl;
(2) substituted C;_1p alkyl in which one or more sub-
stituent(s) is selected from
(a) halogen,
(b) hydroxy,
(¢) Ci-10 alkoxy,
(d) Ci-5 alkoxycarbonyl,
(e) Ci-5 acyloxy,
(f) C;s-3 cycloalkyl,
(g) phenyl,
(h) substituted phenyl 1n which the substituents are

Xand Y, and
(1) oxo;
(3) Ci-9 cycloalkyl;
(4) substituted Cj-g cycloalkyl in which one substitu-
ent 1s selected from
(a) Ci-10 alkyl,
(b) substituted Ci_19 alkyl in which the substituent
1s selected from
(1) halogen,
(1) hydroxy,
(1) C_10 alkoxy
(iv) Cj-5 acyloxy,
(v) Cy-5 alkoxycarbonvl,
(vi) phenyl, |
(vi1) substituted phenyl in which the substituents
are X and Y, and
(viil) 0Xx0,
(c) halogen,
(d) hydroxy,
(e) Ci-10 alkoxy,
(f) Ci-s alkoxycarbonyl,
(g) Ci-5 acyloxy,
(h) phenyl,
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(1) substituted phenyl in which the substituents are
Xand Y:
(5) phenylamino;
(6) substituted phenylamino in which the substituents
are X and Y;
(7) phenylC;_ipalkylamino; and
(8) substituted phenyl C;_1g alkylamino in which the
substituents are X and Y:
X and Y are independently selected from:
(a) OH,
(b) F,
(c) trifluoromethyl,
(d) Cj-3alkoxy,
(e) hydrogen;
(f) Ci-salkyl.
Illustrating this subclass are the compounds of for-
mula (4) wherein:

Ry is Cy_jpalkyl:

R4 is CH3 or CH,TO.

Exemplifying this subclass are compounds (4) se-
lected from the group wherein:

(a) Ry1s 2-methyl-2-butyl, R'4is CHj3, T is tert-butyl-
dimethylsilyl;

(b) Ry is 2-methyl-2-butyl, R’y is CH,TO, T is tert-
butyldimethylsilyl;

(c) Ry1s 2-butyl, R'4is CH3, T is tert-butyldimethylsi-
Iyl;

(d) Ry is 2-butyl, R’4is CH,TO, T is tert-butyldime-
thylsilyl.

In a second class of the embodi

(4-11) are compounds (11) wherein:
M is

ent of compounds

a 1 a double bond;
R 1s selected from:
(1) Ci-10 alkyl;
(2) substituted Ci_1g alky!l in which one or more sub-
stituent(s) is selected from
(a) halogen,
(b) hydroxy,
(¢) Ci-10 alkoxy,
(d) Ci-s5 alkoxycarbonyl,
(e) Ci-5 acyloxy,
(f) C3-3 cycloalkyl,
(8) phenyl,
(h) substituted phenyl in which the substituents are

X and Y, and =
(1) oxo;
(3) Cs-3 cycloalkyl;
(4) substituted Ci_g cycloalkyl in which one substitu-
ent 1§ selected from
(a) Ci-y0 alkyl,
(b) substituted Cj. g alkyl in which the substituent
1s selected from
(1) halogen,
(11) hydroxy,
(111) Cy-10 alkoxy
(1v) Ci-5 acyloxy,
(v) Ci-s alkoxycarbonyl,
(vi) phenyl,

16

(vi1) substituted phenyl in which the substituents
are X and Y, and
(viil) oxo,
5 (c) halogen,
(d) hydroxy,
(e) Ci-10 alkoxy,
(f) Ci-s alkoxycarbonyl,

(g) Ci-s acyloxy,

® () pheny],
(1) substituted phenyl in which the substituents are
X and Y;
(5) phenylamino;
15 (6) substituted phenylamino in which the substituents
are X and Y; o
(7) phenylCj_jpalkylamino; and
(8) substituted phenyl Ci.1g alkylamino in which the
20 substituents are X and Y;
X and Y are independently selected from:
(a) OH,
(b) F,
75  (c) trifluoromethyl,
(d) Ci-3alkoxy,
(e) hydrogen;
(f) Ci-salkyl.
10 [llustrating this subclass are the compounds of for-
mula (11) wherein:
Ry1s Cy-10alkyl;
35 R’y 1s CH3 or CH>TO.
Exemplifying this subclass are compounds (11) se-
lected from the group wherein:
(a) Ry1s 2-methyl-2-butyl, R'4is CHj3, T is tert-butyl-
Vo dimethylsilyl;
(b) Rj 1s 2-methyl-2-butyl, R4 is CH>TO, T is tert-
butyldimethylsilyl;
(c) Rii1s 2-butyl, R'41s CH3, T is tert-butyldimethylsi-
45 lyl;
(d) Ryis 2-butyl, R’4is CH>TO, T is tert-butyldime-
thylsilyl.

Intermediates of formula (3) wherein Z is Br are
50 prepared in a process which comprises:
(1) Treating the compound (1)

(D

TO #0
55
9,
O z
R, O K
60 = H
CH
R’y
65

wherein Ry, R’sand T are as defined above with a tris(-
triarylphosphine)rhodium halide in the presence of hy-
drogen to form a compound of formula (2):;
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TO _0 (11
TO _0 (2)
5 )
O O =
O . — ‘/IL\ §
I S RO v/’
AN e = '
Ri” O '/' CHj3
= H 10
CH3
AR
R4 O
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(11) treating compound (2) with N-bromosuccimide
(NBS) in a mixture of THF/DMSO/H;0O at about
5° C. to yield compound (3). -

TO 0 )

Intermediates of formula (4) are prepared in a se-
quence comprising steps (i)-(i1) and further comprising:
(111) contacting compound (3) with an oxidizing agent
such as pyridinium chlorochromate (PCC) to yield

compound (4).

(4)

TO

M e

Intermediates of formula (11) wherein M=—C=C
are prepared in a sequence comprising steps (i)-(ii1) and
further comprising:

(lv) contacting compound (4) under dehydro-

- brominating conditions such as AgNOj in 2,6-luti-

dine and CH;CICH;Cl to yield a compound (11).

Compound (2) 1s prepared from lovastatin by a reduc-
tion of the 3,4-double bond following the procedure
detailed in copending patent application Ser. No.

- 092,804, filed Sept. 3, 1987. Where R4 1s 6-hydrox-
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ymethyl or a protected hydroxymethyl, the conversion
of 6-methyl to 6-hydroxymethyl can be accomplished
following the procedure in Ser. No. 048,136, filed May
S, 1987. The hydroxyl group in the lactone ring and at
the 6-position of the polyhydronaphthyl ring may be
protected (1TO) using a silyl protecting group such as
tert-butyldimethylsilyl, following the procedure in U.S.
Pat. No. 4,444,784. Where the acyl moiety is other than
2-methylbutyryl the acyl group of lovastatin may be
hydrolyzed and the hydroxyl group reesterified with an
appropriate alkanoyl halide following the procedure in
U.S. Pat. No. 4,444,784. The alkanoyl halide can be
formed by standard transformations such as substitution
with an alkyl moiety or other appropriate electrophile
at an acidic C—H site on an available starting material.
Halohydrin (3) may be prepared by anti-addition of -
HOZ to the double bond employing a N-halosuccimide -
in H,O/THE/DMSQO, alternatively the addition may
be accomplished by the use of HOZ/THF. o
The a-haloketone (4) is prepared by oxidation of
compound (3) using pyridinium chlorochromate or
S0;3/pyridine. | -
The a-haloketone (4) can be dihydrohalogenated
employing an appropriate base in the presence of
AgNQOj3 to yield the enone compound (11). IHlustrative
of such bases are triethylamine or collidine.
Compounds of formula (I) may be prepared from
intermediates (3), (4) or (10) following the outline in
Scheme 1 and 2. | |
Copending U.S. patent application Ser. No: 092,354
filed Sept. 2, 1987, discloses a method of preparing the
6-a-desmethyl-6-8-methyl lovastatin derivative which
can be employed as a starting material in the above
scheme. Alternatively, removal of the silyl protecting T
of the 6-a-methy! ketone (5) followed by treatment with
1,8-diazabicyclo-[5,4,0] undec-7-ene (DBU) results in

the 68-methyl ketone which after reprotection of the

lactone hydroxy group and treatment with NaBH, give
a mixture of the 6-8-methyl-5(S)-hydroxy compound
and the 6-8-methyl-5-(R)-hydroxy compound.

Where the reaction conditions of the above noted
chemical transformations would be deleterious to the
substituents in the 8-acyloxy moiety, the acetoxy group
can be employed as a protecting group which, after the
elaboration of the 5-position, can be removed by hydro-
lysis to give the 8-hydroxy derivative which then an be

acylated according to the general procedures described
in U.S. Pat. No. 4,661,483, |
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Where the product formed by the above described
synthetic pathways is not the desired form of that com-
pound, then that product may be subjected to one or
more further reactions such as hydrolysis, disilylation,
salification, esterification, acylation, ammonolysis or
lactonizaton by conventional methods.

The following examples illustrate the preparation of
intermediates (3), (4) and (10) and the compounds of

formulae (I) and (IT) and as such are not to be consid-
~ered as limiting the invention set forth in the claims
appended hereto.

EXAMPLE 1

Preparation of
6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-methyl-
3(R)-hydroxy-6(R)-methyl-1,2,3,4,4a(R),5,
6,7,8,8a(R)-decahydronaphthyl-1(S)]ethyl}-4(R)-
hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one (I-6)

Step 1: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-6(R)-methyl-1,2,3,4,
6,7,8,8a(S)-octahydronaphthyl-1(S)]ethyl]-4(R)-
hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one (2).
Nitrogen was bubbled through a solution of 50%

toluene in absolute ethanol (300 mL) for 5 minutes.

Wilkinson's catalyst (5.0 g, 33%/wt.) was added to the

solvent and the mixture reduced at room temperature

under 350 psi Hy for 1 hour. Simvastatin (1) (15 g, 36

mmol) was added and the resulting pale yellow solution

reduced at room temperature under H; (60 psi) for 40

hours. The mixture was concentrated and the residue

heated in toluene (700 mL) at 60° C. in the presence of
thiourea (5.0 g, 64 mmol) for 1.5 hours. The mixture was
cooled to 0° C. (ice bath), filtered, and concentrated.

The residue was diluted with 50% EtOAc/hexane and

passed through a pad of silica (~250 cc) to give 2 as a

beige solid; mp=128°-129° C. (ethyl acetate/hexane);

- TLC Rr=0.65 (EtOAc); 'TH NMR* (CDCl3) § 5.36 (bs,

1H), 5.30 (m, 1H), 4.58 (m,1H), 4.33 (m,1H), 2.68

(dd,J=17 and 5 Hz,1H), 2.68 (m,1H), 2.59 (dd,J=17

and 4 Hz,1H), 2.30-1.20 (m), 1.13 (s,3H), 1.12 (s,3H),

1.05 (d, J=7 Hz,3H), 0.87 (d, J=7 Hz,3H), 0.82 (t, J=7

Hz,3H).

*NMR spectra were measured on a Varian XL 300 spectrometer.

Step 2: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl
butyryloxy)-2(S)-methyl-4a(S)-bromo-5(S)-hydroxy-
6(R)-methyl-1,2,3,4,5,6,7,8,8a-(R)-nonahydronapht-
hyl-1(S)]-ethyl]-4(R)-tert-butyldimethylsilyloxy-
3,4,5,6-tetrahydro-2H-pyran-2-one (3) -

To a stirred solution of 6(R)-[2-[8(S)~(2,2-dimethyl-
butyryloxy)-2(S)-methyl-6(R)-methyl-1,2,3,4,
6,7,8,8a(R)-octahydronaphthyl-1(S)]ethyl]-4(R)-tert-
butyldimethylsilyloxy-3,4,5,6-tetrahydro-2H-pyran-
2-one (95 mg, 0.23 mmol), DMSO (1.0 mL), THF (0.5
mL), and HyO (12 L, 0.7 mmol) at 5° C. was added
N-bromosuccinimide (NBS) (61 mg, 0.33 mmol). After
I hour the yellow reaction mixture was diluted with

ether, washed with H>O, saturated NaHCO3 and brine,

dried (MgSO4), and concentrated. Flash chromatogra-
phy (silica, 30% EtOAc/hexane) furnished the bro-
mohydrin as a colorless oil.

lH NMR (CDCl3) & 5.08(m, lH), 4.54(m, 1H),
4.26(m, 1H), 4.13(d, J=3 Hz, 1H), 2.63-2.48(m, 2H),
2.35-1.1(m), 1.31(d, J=6 Hz, 3H), 1.13(s, 3H), 1.12(s,
3H), 0.87(s, 9H), 0.8(m, 6H) 0.05(s, 3H), 0.04(s,3H).
Step 3: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl

butyryloxy)-2(s)-methyl-4a(S)-bromo-5-0x0-6(R)-

methyl-1,2,3,4,5,6,7,8,8a(R)-octahydronaphthyl-
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1(s)]ethyl]-4(R)-tert-butyldimethylsilyloxy-3,4,5,6-
tetrahydro-2H-pyran-2-one(4)

To a stirred mixture of compound 3 (2.4 g, 3.8 mmol),
4A sieves (2.5 g), and dry CH>Cl; (19 ml) at 0° C. was
added pyridinium clorocromate (PCC) (3.2 g, 14.8
mmol). After stirring for 30 minutes, the icebath was
removed with continued stirring for 30 minutes. The
reaction mixture was diluted with ether and filtered
through a celite pad into a filtration flask containing
acetic acid (0.8 mL, 14.0 mmol). Concentration at 10° C.
gave the crude bromoketone 4. Flash chromatography
(silica, 15% EtOAc/hexanes) gave compound 4 as a
solid (m.p. 85°-87° C.).

'H NMR (CDCl3) 6 5.24(m,1H), 4.60(m,1H), 4.32
(m,1H), 2.75(m,1H), 2.62(m,2H), 2.40-1.20(m),
1.24(d,J =7 Hz,3H), 1.21(s,3H), 1.19(s,3H), 0.91(s,9H),
0.89(m,6H), 0.11(s,3H), 0.10(s,3H).

Step 4: Preparation of 6(R)-[2-[8(S)~(2,2-dimet
hylbutyryloxy)-2(S)-methyl-5-0x0-6(R)-methyl-
1,2,3,4,4a(R),6,7,8,8a(R)-nonahydronaphthyl- 1(S)]e-
thyl]-4(R)-tert-butyldimethylsilyloxy-3,4,5,6-tetrahy-
dro-2H-pyran-2-one (5)

The crude bromoketone 4 (2.6 g, 3.8 mmol) was dis-
solved in THF/HOAc (38 mL) followed by treatment
with zinc (0.74 g, 11.4 mmol) at ambient temperature.
After 1.0 hour of vigorous stirring, the reaction mixture
was diluted with ether and the excess zinc removed by
filtration. The filtrate was washed with H>O and brine,
dried (MgSQOg), and concentrated. Flash chromatogra-
phy (silica, 15% EtOAc/hexanes) gave compound 5 as
a solid (m.p. 147°-148° C.)

'H NMR (CDCl3) & 531 (m, 1H), 4.60(m, 1H),
4.29(m,1H), 2.58(m,2H), 2.24-1.20(m), 1.24(d, J=7
Hz,3H), 1.88(s, 3H), 1.17(s,3H), 0.89(s,9H), 0.87(d, J=7
Hz, 3H), 0.83(t, J=7 Hz,3H), 0.06(s, 6H)

Step 5: Preparation of 6(R)-[2-[8(S)-(2,2- dimeth
ylbutyryloxy)-2(S)-methyl-5(R)-hydroxy-6(R)-meth-
yl-1,2,3,4,4a(R),5,6,7,8,8a(R)-decahydronaphthyl-
1(S)]ethyl]-4(R)-tert-butyldimethylsilyloxy-3,4,5,6-
tetrahydro-2H-pyran-2-one (6)

To a stirred solution of compound 5 (320 mg, 0.58
mmol), THF (2.6 mL), and H;O (0.3 mL) at 0° C. was
added NaBH4 (66 mg, 1.7 mmol). After 35 minutes, the
reaction mixture was diluted with ethyl acetate, washed
with H2O (2X) and brine, dried (MgSQ4), and concen-
trated. Flash chromatography (silica, 20% ethyl aceta-
te/hexane) gave compound 6 as a colorless oil.

'H NMR (CDCl3) & 5.06(m, 1H), 4.60(m, 1H),
4.14(m, 1H), 3.45(dd, J=10 and 5 Hz, 1H), 2.56(m, 2H),
2.15-1.15(m), 1.17(s, 3H), 1.16(s, 3H), 1.07(d, J=7 Hz,
3H), 0.88(s, 9H), 0.88(t, J=7 Hz, 3H), 0.86(d, J=7 Hz,
3H), 0.08(s, 3H), 0.08(s, 3H)

Step 6: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-5(R)-hydroxy-6(R)-methyl-
1,2,3,4,4a(R),6,7,8,8a(R)-decahydronaphthyl-1(S)]e-
thyl]-4(R) -hydroxy-3,4,5,6-tetrahydro-2H-pyran-

2-one (I-6)

To a stirred solutlon of compound 6 (98 mg, 0.18
mmol), THF (530 pL), and HOAc (41 pL, 0.71 mmol)
was added tetrabutylammonium fluoride (1M THF, 530
rL, 0.53 mmol) at ambient temperature. After 20 hours,
the reaction mixture was diluted with ethyl acetate,
washed with H;O and brine, dried (MgSQy4), and con-
centrated. Flash chromatography (silica, 60% EtOQAc/-
hexane) gave compound (I-6) as a crystalline solid.
mp=142°-143° C.

'H NMR (CDCl3) & 5.05(m, 1H), 4.54(m, 1H),
4.31(m, 1H), 3.42(dd, J=10 and 5 Hz, 1H), 2.69(dd,
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J=17 and 5 Hz, IH), 2.57(dd, J=17 and 4 Hz, 1H),
2.12-1.10(m), 1.17(s, 3H), 1.16(s, 3H), 1.06(d, J=7 Hz,
3H), 0.82(t, J=7 Hz, 3H), 0.79(d, J=7 Hz, 3H)
Elemental Anal. Cy5H4204.0.5H50:
Calc’d: C, 67.08: H, 9.68
Found: C, 66.84; H, 9.31

EXAMPLE 2

~ Preparation of
6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-methyl-
S(R)-benzylaminocarboxy-6(R)-methyi-
1,2,3,4,4a(R),5,6,7,8,8a(R)-decahydronaphtyl-1(S)]e-
thyl}-4(R)-hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one
(I-7)

Step 1: Preparation of 6(R)-[2-[8(S)- (2 2-dimethyl-
butyryloxy)-2(S)-methyl-6(R)-methyl-1,2,3,4,
6,7,8,8a(S)-octahydronaphthyl-1(S)]ethyl}-4-(R)-
hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one (2).
Nitrogen was bubbled through a solution of 50%

toluene 1n absolute ethanol (300 mL) for 5 minutes.

Wilkinson’s catalyst (5.0 g, 33%/wt.) was added to the

solvent and the mixture reduced at room temperature

under 50 psi H; for 1 hour. Simvastatin (15 g, 36 mmol)
was added and the resulting pale yellow solution re-

duced at room temperature under H; (60 psi) for 40

hours. The mixture was concentrated and the residue

heated in toluene (700 mL) at 60° C. in the presence of
thiourea (5.0 g, 64 mmol) for 1.5 hours. The mixture was
cooled to 0° C. (ice bath), filtered, and concentrated.

The residue was diluted with 50% EtOAc/hexane and

passed through a pad of silica (~250 cc) to give 2 as a

beige solid; mp=128°~129° C. (ethyl/hexane); TLC

R/=0.65 (EtOAc); THNMR (CDCl3) § 5.36 (bs, 1H),

5.30 (m,1H), 4.58 (m,1H), 4.33 (m,1H), 2.68 (dd,J=17

and 5 Hz,1H), 2.68 (m,1H), 2.59 (dd, J=17 and 4

Hz,1H), 2.30-1.20 (m), 1.13 (s,3H), 1.12 (s,3H), 1.05 (d,

J—7Hz,3H), 0.87 (d, J=7 Hz,3H), 0.82 (t, J=7 Hz,3H),

Step 2: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-4a(S)-bromo-5(S)-hydroxy-
6(R)-methyl-1,2,3,4,5,6,7,8,8a -(R)-nonahydronapht-
hyl-1(S)]ethyl]-4(R)-tert-butyldimethylsilyloxy-
3,4,3,6-tetrahydro-2H-pyran-2-one (3)

To a stirred solution of 6(R)-[2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-6(R)-methyl-1,2,3,4,
6,7,8,8a(R)-octahydronaphthyl-1(S)]ethyl]-4(R)-tert-
butyldimethylsilyloxy-3,4,5,6-tetrahydro-2H-pyran-
2-one (95 mg, 0.23 mmol) DMSO (1.0 mL), THF (0.5
mL), and H>O (12 uL, 0.7 mmol) at 5° C. was added
N-bromosuccinimide (NBS) (61 mg, 0.33 mmol). After
I hour, the yellow reaction mixture was diluted with
ether, washed with H,O, saturated NaHCQ3 and brine,
dried (MgSQg), and concentrated. Flash chromatogra-
phy (silica, 30%  EtOAc/hexane furnished the bro-
mohydrin as a colorless oil. |

'H NMR (CDCl3) & 5.08(m, 1H), 4.54(m, 1H),
4.26(m, 1H), 4.13(d, J=3 Hz,1H), 2.63-2.48(m, 2H),
2.35-1.1(m), 1.31(d, J=6 Hz, 3H), 1.13(s, 3H), 1.12(s,
3JH), 0.87(s, 9H), 0.8(m, 6H), 0.05(s, 3H), 0.04(s,3H)
Step 3: Preparation of 6(R)-[2-[8(S)-(2,2-dimethylbu-

tyryloxy)-2(S)-methyl-4-0x0-6(R)-methyl-

1,2,3,4,4a(R),6,7,8,8a(R)-nonahydronaphthyl-1(S)]e-
thyl]-4(R)-tert-butyldimethylsilyloxy-3,4,5,6-tetrahy-

dro-2-H-pyran-2-one (5)

To a stirred mixture of compound 3 (2.4 g, 3.8 mmol),
4A sieves (2.5 g), and dry CH>Cl; (19 ml) at 0° C. was
added pyridinium chlorochromate (PCC) (3.2 g, 5.2
mmol). After stirring for 30 minutes, the icebath was
removed with continued stirring for 30 minutes. The
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reaction mixture was diluted with ether and filtered
through a celite pad into a filtration flask containing
acetic acid (0.8 mL, 14.0 mmol). Concentration at 10° C.
gave the crude bromoketone (4). The crude bromoke-
tone was dissolved in THF/HOAc (38 mL) followed by |
treatment with zinc (0.74 g, 11.4 mmol) at ambient tem-
perature. After 1.0 hour of vigorous stirring, the reac-
tion mixture was diluted with ether and the excess zinc
removed by filtration. The filtrate was washed with
H>0 and brine, dried (MgSO4), and concentrated. Flash
chromatography (silica, 15% EtOAc/hexanes) gave
compound 5 as a solid. (m.p. 147°-148° C.)

INMR (CDCl3) 6 5.31(m, 1H), 4.60(m, 1H), 4.29(m,
1H), 2.58(m, 2H), 2.24-1.20(m), 1.24(d, J=7 Hz, 3H),
1.88(s, 3H), 1.17(s, 3H), 0.89(s, 9H), 0.87(d, J 7 Hz,
3H), 0.83(t, J=7 Hz, 3H), 0.06(s, 6H) -
Step 4: Preparation of 6(R)-{2-[8(S)-(2,2- dlmeth

ylbutyryloxy)-2(S)-methyl-5(R)-hydroxy-6(R)-meth- -

yl-1,2,3,4,4a(R),35,6,7,8,8a(R)-decahydronaphthyl-

1(S)lethyl]-4(R)-tert-butyldimethylsilyloxy-3, 4 5,6-

tetrahydro-2H-pyran-2-one (6)

To a stirred solution of compound 5 (320 mg, 0.58
mmol), THF (2.6 mL), and H;0O (0.3 mL) at 0° C. was
added NaBHj4 (66 mg, 1.7 mmol). After 35 minutes, the
reaction mixture was diluted with ethyl acetate, washed
with H>O (2X) and brine, dried (MgSO34), and concen-
trated. Flash chromatography (silica, 209 ethyl aceta-
te/hexane) gave compound 6 as a colorless oil. |

INMR (CDCl3) 6 5.06(m, 1H), 4.60(m, 1H), 4. 14(m |
1H), 3.45(dd, J=10 and 5 Hz, 1H), 2.56(m, 2H),
2.15-1.15(m), 1.17(s, 3H), 1.16(s, 3H), 1.07(d, J=7 Hz,
3H), 0.88(s, 9H), 0.88(t, J=7 Hz, 3H), 0.86(d, J=7 Hz,
3H), 0.08(s, 3H), 0.08(s, 3H) N
Step 5: Preparation of 6(R)-[2-[8(5)-(2,2- dlmethyl-

butyryloxy)-2(S)-methyl-5(R)-benzylaminocar-

bonyloxy-6(R)-methyl-1,2,3,4,4a(R),5,6 7,8 Ba(R) |
decahydronaphthyl-1(S)jethyl]-4-(R)-tert-butyldime-

thylsilyloxy-3,4,5,7-tetrahydro-2H-pyran-2H-one (7)

To a mixture of compound 6 (227 mg, 0.41 mmol),

degassed DMF (2.0 mL), and CuCl (41 mg, 0.41 mmol)

at 25° C. was added benzyl isocyanate (82 mg, 0.62

mmol). After 1 hour, the dark green mixture was diluted

with ether, washed with H>O and brine, dried MgSQ,),

and concentrated. Flash chromatography (silica, 20%

EtOAc/hexane) furnished compound 7 as a colorless

o1l
'H NMR (CDCl3) & 7.30(m, 5H), 5.06(m, 1H),

4.93(m, 1H), 4.61(dd, J=10 and 5 Hz, 1H), 4.37(d, J=6

Hz, 2H), 4.25(m, 1H), 2.55(m, 2H), 2.27(m, 1H),

2.00-1.10(m), 1.14(s, 3H), 1.13(s, 3H), 0.86(s, 9H),

0.80(m, 9H), 0.06(s, 6H).

Step 35: Preparation of 6(R)-{2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-5(R)-benzylaminocar-
bonyloxy-6(R)-methyl-1,2,3,4,4a(R),5,6, 7.,8,8a(R)-
decahydronaphthyl-1(S)jethyl]-4(R)-hydroxy-
3,4,5,6-tetrahydro-2H-pyran-2-one (I-7) |
Utilizing the same procedure of Example 1, Step 5,

the compound 7 (80 mg, 0.11 mmol) was converted to

the desired compound (I-7) which was an amorphous
solid.

'H NMR (CDCl3) & 7.30(m, 5H), 5.08(m, 1H), 5. 02(t
J=6 Hz, 1H), 4.59(dd, J=10 and 5 Hz, 1H), 4.54(m,
1H), 4.34(d, J=6 Hz, 1H), 4.30(m, 1H), 3.03(bs, 1H),
2.69(dd, J=18 and 5 Hz, 1H), 2.58(dd, J=18 and 4 Hz,
1H), 2.26(m, 1H), 2.00-1.10(m), 1.14(s, 3H), 1.13(s, 3H),
0.82(t, J=7 Hz, 3H), 0.78(d, J=7 Hz, 3H).

Elemental Anal. C33H4907N.1.5H-O
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Calc’d: C, 66.20; H, 8.75 N, 2.34
Found: C, 65.86; H, 8.99 N, 2.03

EXAMPLE 3

Preparation of
6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-methyl-
S(R)-(1-phenylethyl-2-oxy)-6(R)-methyl-
1,2,3,4,4a(R),5,6,7,8,8a(R)-decahydronaphthyl-1(S)]-
ethyl]-4(R)- hydroxy 3,4,5 6-—tetrahydro -2H-pyran-
2-one (I-9)

Example 1, Steps 1-4 were repeated but substituting
tert-butyldiphenylsilyl as the hydroxy protecting
group.

Step 3:  6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-
methyl-5(R)-(1-phenylethylen-2-0xy)-6(R)-methyl-
1,2,3,4,4a(R),5,6,7,8,8a(R)-decahydronaphthyl-
1(S)]ethyl]-4(R)-tert-butyldiphenylsilyloxy-3,4,5,6-
tetrahydro-2H-pyran-2-one (9a)

To a stirred solution of 6(R)-[2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-5(R)-hydroxy-6(R)-methyl-
1,2,3,4,4a(R),5,6,7,8,8a(R)-decahydronaphthyl- 1(S)le-
thyl]-4(R)-tert-butyldiphenylsilyloxy-3,4,5,6-tetrahy-
~ dro-2H-pyran-2-one (270 mg, 0.40 mmol), B8-methoxys-
tyrene (165 pL, 1.2 mmol) and dry CH2Cl; (4 mL) at 0°
C. was added (=%)-camphorsulfonic acid (23 mg, 0.10
mmol). After 15 minutes, the cooling bath was removed
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and stirring continued for 3 hours. The reaction was

quenched with NEt; (195 L, 1.2 mmol) concentrated,
and the residue subjected to flash chromatography (sil-
ica, 15% EtOAc/hexane) to afford compound 9a as a
colorless foam.

'H NMR (CDCl;3) § 7.68-7.20(m, 15H), 6.23(d, J=7
Hz, 1H). 5.20(d, J=7 Hz, 1H), 5.09(m, 1H), 4.67(m, 1H),
4.27(m, 1H), 3.56(dd, J=10 and 5 Hz, 1H), 2.57(m, 1H),
2.43(dd, J=18 and 4 Hz, 1H), 2.26(m, 1H),
2.10-1.10(m), 1.17(s, 3H), 1.16(s, 3H), 1.08(s, 9H), 0.86(t,
J=T Hz, 3H), 0.84(d, J=7 Hz, 3H)

Step 5: Preparation of 6(R)-[2-[8(S)-(2,2-dimethylbutyr-
yloxy)-2(S)-methyl-5(R)-(1-phenylethyl-2-0xy)-6(R)-
methyl-1,2,3,4,4a(R),5,6,7,8,8a(R)-decahydronapht-
hyl-1(S)]ethyl}-4(R)-tetrabutyldiphenylsilyloxy-
3,4,5,6-tetrahydro-2H-pyran-2-one (9).

A mixture of compound 9a (150 mg, 0.19 mmol) 10%
Pd/C (30 mg), and ethyl acetate (5.0 ml) was stirred at
25" C. under a hydrogen atmosphere (1 atm) for 8.0
hours. The reaction mixture was filtered through a
celite pad and concentrated. Flash chromatography
(silica, 15% ethyl acetate/hexane) gave compound 9 as
a colorless oil. 'H NMR (CDCl3) § 7.65-7.20(m, 15H),
5.00(m, 1H), 4.66 (m, 1H), 4.23(m, 1H), 3.78(m, 1H),
3.46 (m, 1H), 3.02(dd, J=10 and 5 Hz, 1H), 2.88(ddd,
J=7,7, and 3 Hz, 2H), 2.56(m, 1H), 2.41(dd, J=18 and
4 Hz, 1H), 2.22(m, 1H), 2.05-1.10(m), 1.14(s, 3H),
1.08(s,9H), 0.98(d, J=7 Hz, 3H), 0.82(t, J=7 Hz, 3H),
0.79(d, J=7 Hz, 3H).

Step 6: Preparation of 6(R)-[2-[8(S)-(2,2-dimethylbu-
tryloxy)-2(S)-methyl-5(R)-(1-phenylethyl-2-oxy)-
6(R)-methyl-1,2,3,4,4a(R),5,6,7,8, 8a(R)-decahy-
dronaphthyl-1(S)lethyli]-4(R)- hydroxy 3,4,5,6-tet-
rahydro-2H-pyran-2-one (I-9)

Utilizing the procedure of Example 1, Step 5 the
compound 9 (39 mg, 50 mmol) was converted to the
desired compound I-9 which was a colorless oil.

'H NMR (CDCl3) & 7.25(m, 5H), 5.05(m, 1H),
4.55(m, 1H), 4.32(m, 1H), 3.73(m, 1H), 3.47 (m, 1H),
3.01(dd, J=10 and 5 Hz, 1H), 2.88(m, 2H), 2.71(dd,
J=18 and 5 Hz, 1H), 2.59 (dd, J=18 and 4 Hz, 1H),
2.22(m, 2H), 2.00-1.10(m), 1.14(s, 3H), 1.13(s, 3H), 0.99
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(d, J=7 Hz, 3H), 0.82(t, J=7 Hz, 3H), 0.78(d, J=7
Hz, 3H).

Elemental Analysis: C33H5006.0.25 H,O

Calc’d: C, 72.43: H, 9.32

Found: C, 72.53; H, 6.32

EXAMPLE 5

Preparation of
6(R)-[2-[8(8)-(2,2-dimethylbutyryloxyl)-2(S)-methyl-
3(R)-dibenzylaminocarbonyloxy-6(R)-methyl-
1,2,3,4,4a(R),5,6,7,8,8a(R)-decahydronaphthyl-1(S)]e-
thyl]-4(R)-hydroxy-3,4,5,6,-tetrahydro-2H-pyran-2-one
(I-10)

Example 1, Steps 1-4 were repeated but substituting
tert-butyldiphenylsilyl as the hydroxy protecting
group.

Step 4: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-5(R)-dibenzylaminocar-
bonyloxy-6(R)-methyl-1,2,3,4,4a(R),5,6, 7,8,8a(R)-
decahydronaphthyl-1(S)]ethyl]-4(R) tert-butyldi-
phenylsilyloxy-3,4,5,6-tetrahydro-2H-pyran-2-one
(10).

A solution of 6(R)-[2-[8(S)-(2,2- dlmethylbutryloxy)
2(S)-methyl-5(R)-hydroxy-6(R)-methyl-1,2,3,
4,4a(R),5,6,7,8,8a(R)-decahydronaphthyl-1(S)]ethyl]-
4(R)-tert-butyldiphenylsilyloxy-3,4,5,6-tetrahydro-2H-
pyran-2-one (25 mg, 37 mmol), triethylamine (21 uL,
0.15 mmol), and dry CH>Cl; (200 L) was added drop-

wise to a stirred solution of phosgene (20% in toluene,

67 L, 0.15 mmol) and CH,Cl; (600 pL) at 0° C. After
> minutes the cooling bath was removed and the reac-
tion mixture stirred for 20 minutes. Concentration in
situ followed by sequential addition of CH>Cl; (400 uL)
and dibenzylamine (8 uL, 41 mmol) at ambient tempera-
ture resulted in a heterogeneous mixture. After 15 min-
utes the reaction mixture was diluted with ether,
washed with H>O and brine, dried (MgSQ4), and con-
centrated. Flash chromatography (silica, 15-209% ethyl
acetate/hexane) gave compound 10 as an oil.

'H NMR (CDCl3) 6 7.63-7.26(m, 20H), 5.12(m, 1H),
4.73(dd, J=10 and 5 Hz, 1H), 4.60(m, 1H), 4.40 (m, 2H),
4.33(m, 1H), 2.60(m, 2H), 2.20-1.10(m), 1.17(s, 3H),
1.16(s, 3H), 1.07(s, 9H), 1.00 (d, J=7 Hz, 3H), 0.80(m,
6H). |
Step 3: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl-

butyryloxyl)-2(S)-methyl-5(R)-dibenzylaminocar-

bonyloxy-6(R)-methyl-1,2,3,4,4a(R),5,6,7, 8,8a(R)-
decahydronaphthyl-1(S)]ethyl]-4(R)-hydroxy-

3,4,5,6-tetrahydro-2H-pyran-2-one (I-10).

Compound 10 (72 mg, 79 mmol) was dissolved in a
premixed solution of tetrabutylammonium flouride (1M
in THF, 300 L, 0.3 mmol), HOAc (20 mL, 0.3 mmol),
and THF (300 pL) followed by heating at 50° C. for 1.0
our. The cooled reaction mixture was diluted with
ether, washed with H>O and brine, dried (MgSQy3), and
concentrated. Flash chromatography (silica, 60%
EtOAc/hexane) gave compound I-10 as a colorless
foam.

'H NMR (CDCl;) 6 7.37-7.18(m, 10H), 5.11(m, 1H),
4.75(dd, J=10 and 5 Hz, 1H), 4.59(m, 1H), 4.47 (m, 3H),
4.34(m, 1H), 2.72(dd, J=18 and 5 Hz, 1H),2.61(dd,
J=18 and 3 Hz, 1H), 2. 32(m 1H), 2.00-1.10(m), 1.16(s,
3H), 1.153(s, 3H), 1.00(d, J=7 Hz, 3H), 0.84(t, =7 Hz,
3H), 0.83(d, J=7 Hz, 3H).

Elemental Analysis: C40Hs5507N.0.5 H,O
Calc’d: C, 71.61; H, 8.41: N, 2.09
Found: C, 71. 66 H, 8.31; N, 2.04
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EXAMPLE 6

Preparation of
6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-methyl-
5(R)-diphenylphosphinyloxy-6(R)-methyl-1,
2,3,4,4a(R),5,6,7,8,8a(R)-decahydronaphthyl-1(S)]e-
thyl}-4(R)-hydroxy-3,4,5,6-tetrahydro-2H-pyran-2-one

- (1-8)

Example 1, Steps 1-4 were repeated but substltutmg
tert-butyldiphenylsilyl as the hydroxyl protectin g
group.

Step 4: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-5(R)-diphenylphos-
phinyloxy-6(R)-methyl-1,2,3,4,4a(R),5,6, 7,8,8a(R)-
decahydronaphthyl-1(S)]ethyll-4(R)-tert-butyldi-
phenylsﬂyl{)xy 3,4,5,6,-tetrahydro-2H-pyran-2-one
(8).

To a stirred solution of 6(R)-[2-[8(S)-(2,2-dimeth
ylbutyryloxy)-2(8)-methyl-5(R)-hydroxy-6(R)-methyl-
1,2,3,4,4a(R),5,6,7,8,8a(R)-decahydronaphthyl-1(S)]e-
thyl}-4(R)-tert-butyldiphenylsilyloxy-3,4,5,6-tetrahy-
dro-2H-pyran-2-one (59 mg, 87 umol) N,N-dimethyl
aminopyridine (DMAP) (43 mg, 0.35 mmol), and
CH,Cl> (0.44 mL) at ambient temperature was added
diphenyl phosphosphinic chloride (33 wL, 0.17 mmol).
After 20 minutes the reaction mixture was diluted with
ether, washed with H>O and brine, dried (MgSQy), and
concentrated. Flash chromatography (silica, 45%
EtOAc/hexane) gave compound 8 as an oil.

'H NMR (CDCl3) § 7.85-7.25(m, 20H), 4.98(m, 1H),
4.64(m, 1H), 4.28(m, 2H), 2.55(m, i1H), 2.39(dd, J=18
and 4 Hz, 1H), 2.05-1.10(m), 1.14(s, 3H),1.13(s, 3H),

1.12(d, J=7 Hz, 3H), 1.03(s, 9H), 0.81(t, J= 7 Hz, 3H),
0.73(d, JI=THZ, 3H).

Step 5: Preparation of 6(R)-[2-[8(S)-(2,2-dimethyl-
butyryloxy)-2(S)-methyl-5(R)-diphenylphos-
phinyloxy-6(R)-methyl-1,2,3,4,4a(R),5,6,7,8,
decahydronaphthyl-1(S)jethyl}-4(R)-hydroxy-
3,4,5,6-tetrahydro-2H-pyran-2-one (I-8)

To a stirred solution of compound 8 (64 mg 73 umol),
THF (0.3 mL), and HOAc (17 pL, 0.3 mmol) was
added tetrabutylammonium fluoride (1M in THF, 300
uL, 0.3 mmol) followed by heating at 50° C. After 3.0
hours the cooled reaction mixture was diluted with
ether, washed with HO and brine, dried (MgSQ4), and
concentrated. Flash chromatography (silica, 80% ethyl
acetate/hexane) gave compound (I-8) as a colorless oil.

'H NMR (CDCl3) § 7.80(m, 4H) 7.46(m, 6H), 5.01(m,
1H), 4.54(m, 1H), 4.30(m, 1H), 4.27(m, 1H), 2.62(m,
3H), 2.10-1.10(m), 1.14(s, 3H), 1.13(s, 3H), 1.12 (4, J=7
Hz, 3H), 0.82(t, J=7 Hz, 3H), 0.73(d, J=7 Hz, 3H).
Elemental Analysis: C37Hs5:0+P.0.5 H-O
Calc’d: C, 68.60; H, 8.09
Found: ¢, 68.69; H, 8.03

EXAMPLE 7

Preparation of
6(R)-[2-[8(S)-(2,2-dimethylbutyryloxy)-2(S)-methyl-5-
0x0-0(R)-methyi-1,2,3,6,7,8,8a(R)-heptahydronaphthyi-
1(S)l-ethyl}-4(R)-tert-butyldimethylsilyloxy-3,4,5,6-tet-
rahydro-2H-pyran-1-one (11)

8a(R)-

A mixture of the bromoketone 4, (50 mg, 79 umol),
from Example 1, step 3, 1,2-dichloroethane (1.0 mL),
and 2,6-lutidine (17 pL, 150 mmol) at 25° C. was treated
with AgNO3(25 mg, 150 mmol). After 2.0 hours the
heterogeneous mixture was diluted with ether, washed
with H>O and brine, dried (MgS04), and concentrated.
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Flash chromataography (silica, 15% EtOAc/hexanes)

gave compound 11 as an oil.
'"H NMR (CDCl3) & 6.77 (m,1H), 5.40(m,1H), 4.62

(m,1H), 4.31(m,1H) 2.75-1.10(m), 1.15 (d,J=7 Hz, 3H),
1.13(s,3H), 0.91(s,9H), 0.81(t,J=7 Hz, 3H), 0.79 (d,J=7
Hz,3H), 0.10(s,6H). - -
What is claimed 1s: |
1. A compound of structural formula (3):

(3)

wherein:

Z 1s Cl or Br;

T 1s H, tert-butyldimethylsilyl, tert-butyldiphenylsi-
lyl, trimethylsilyl, triethylsilyl, tritospropyisilyl, or
tetrahydropyranyl; |

R1 is selected from:

(1) Ci-10 alkyl;

(2) substituted Cj-10 alkyl in which one or more
substituent(s) is selected from |
(a) halogen,

(b) hydroxy,

(¢) Ci-10 alkoxy,

(d) Ci-s alkoxycarbonyl,
(e) Ci-s5 acyloxy,

(f) Cs-3 cycloalkyl,

(g) phenyl,
(h) substituted phenyl in which the substituents

are X and Y,
(1) Ci-10 alkylS(O), in which n is 0 to Z,
() Cs3_3 cycloalkylS(O),,
- (k) phenylS(O),,
(1) substituted phenylS(O), in which the substitu-
- ents are X and Y, and
(m) oxo;
(3) Ci-10 alkOKY;
(4) Ca-10 alkenyl;
(5) Cs.3 cycloalkyl;
(6) substituted C;_gcycloalkyl in which one substit-
uent 15 selected from
(a).Ci-10 alkyl
(b) substituted Cj.i0 alkyl in which the substitu-
ent 18 selected from |
(1) halogen,
(11) hydroxy,
(1) Ci-10 alkoxy,
(1v) Ci_5 alkoxycarbonyl,
(V) Ci-3 aCYIC}X}’,
(vi) phenyl, |
(vii) substituted phenyl in which the substitu- -
ents are X and Y
(vii1) Cy-y0 alkylS(O),,
(ix) Cs_g cycloalkylS(O),,
(x) phenylS(O),, |
(x1) substituted phenylS(O), in Wthh the sub-
~ stituents are X and Y, and
(x11) oxo,
(¢) Ci-10 alkylS(O),,
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(d) Cs-g cycloalkylS(O),,
(¢) phenylS(O),,
(f) substituted phenylS(O), in which the substitu-
ents are X and Y,
(g) halogen,
(h) hydroxy,
(1) Ci-10 alkoxy,
(J) Ci-s5 alkoxycarbonyl,
(k) Ci-5 acyloxy,
(1) phenyl, and
(m) substituted phenyl in which the substituents
are X and Y:
(7) phenyl; |
(8) substituted phenyl in which the substituents are
X and Y;
(9) amino;
(10) Cy_s alkylamino;
(11) di(Cy alkyl)amino;
(12) phenylamino;
(13) substituted phenylamino in which the substitu-
ents are X and Y:
(14) phenyl C_g alkylamino;
(15) substituted phenyl Ci_1p alkylamino in which
the substituents are X and Y:
(16) a member selected from
(a) piperidinyl,
(b) pyrrolidinyl,
(¢) piperazinyl,
(d) morpholinyl, and
(e) thiomorpholinyl; and
(17) RsS in which Rs is selected from
(a) Ci-10 alkyl,
(b) phenyl, and
(c) substituted phenyl in which the substituents
are X and Y;

R’41s CH3, CH>TO or H;
X and Y are independently selected from:

(a) OH,

(b) halogen,

(¢) trifluoromethyl,

(d) Ci-3alkoxy,

(e) Ci-zalkylcarbonyloxy,
(f) phenylcarbonyloxy,
(g) Ci-3zalkoxycarbonyl,
(h) phenyloxycarbonyl,
(1) hydrogen;

(J) Ci-salkyl.
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(b) substituted Ci.10 alkyl in which the substitu-
ent 1s selected from
(1) halogen,
(11) hydroxy,
(ii1) Ci-10 alkoxy
(1v) Ci-5 acyloxy,
(v) Ci-s alkoxycarabonyl,
(vi) phenyl,
(vii) substituted phenyl in which the substitu-
ents are X and Y, and
(viil) oxo,
(c) halogen,
(d) hydroxy,
(e) Ci-10 alkoxy,
(f) Cy_s alkoxycarbonyl,
(g) Ci-s acyloxy,
(h) phenyl,
(1) substituted phenyl in which the substituents
~ are X and Y:
(5) phenylamino;
(6) substituted phenylamino in which the substitu-
ents are X and Y;
(7) phenylCi_jpalkylamino; and
(8) substituted phenyl C;_g alkylamino in which
the substituents are X and Y:
X and Y are independently selected from
(a) OH, '
(b) F,
(c) trifluoromethyl,
(d) C,-3alkoxy,
(e) hydrogen;
() Ci_salkyl.
3. A compound according to claim 2 wherein:
R, is Ci_jpalkyl;
R’41s CH3 or CH,TO.
4. A compound according to claim 3 selected from
the group wherein:
(a) Ry 1s 2-methyl-2-butyl, R'4is CHj3, T is tert-butyl-
dimethylsilyl;
(b) R; is 2-methyl-2-butyl, R’y is CH,TO, T is tert-
butyldimethylsilyl:
(c) Ryis 2-butyl, R'41s CHj, T is tert-butyldimethylsi-
lyl; |

2. A compound according to claim 1 wherein: (d) Ry is 2-butyl, R’y is CH>TO, T is tert-butyldime-
£ 18 Br; 50 thylsilyl,

R 1s selected from: | -
(1) Cy-10 alkyl: 3. A compound of structural formulg (4-11):

(2) substituted Cj_jg alkyl in which one or more
substituent(s) is selected from TO O (4-11)

(a) halogen, 55 A Z

(b) hydroxy,

(c) Ci_io alkoxy,

(d) Ci-s alkoxycarbonyl,

(¢) Ci-5 acyloxy,

(f) Cs-g cycloalkyl, 60

(g) phenyl,
(h) substituted phenyl in which the substituents are

X and Y, and

(1) oxo;

(3) Cs-3 cycloalkyl; 65

(4) substituted C;_g cycloalkyl in which one substit-
uent 1s selected from wherein:
(a) Ci-10 alkyl, M is




4,921,974
29 30
| (9) amino;
| (10) Ci-5 alkylamino;
| (11) di(Cy-5 alkyl)amino;

-_(IJ_ . (12) phenylamino; |
Z | | 5 (13) substituted phenylamino In which the substitu-
| | ents are X and Y;
Z is Cl or Br; | ~ (14) phenyl Cj_1o alkylamino:
T is H, tert-butyldimethylsilyl, tert-butyldiphenylsi- (15) substituted phenylCi_jpalkylamino in which
lyl, trimethylsilyl, triethylsilyl, triiospropylsilyl, or the substituents are X and Y;
tetrahydropyranyl; 10 (16) a member selected from
R is selected from: (a) piperidinyl,
(1) Ci-10 alkyl; (b) pyrrolidinyl,
(2) substituted Ci.1p alkyl in which one or more (c) piperazinyl,
substituent(s) is selected from (d) morpholinyl, and
(a) halogen, 15 (e) thiomorpholinyl; and
(b) hydroxy, (17) Rs5S in which Rsis selected from
(¢) Ci-10 alkoxy, (a) Ci-10 alkyl,
(d) C1-5s alkoxycarbonyl, : (b) phenyl, and
(e) Ci-5 acyloxy, - (c) substituted phenyl in which the subsntuents
() Cs.g cycloalkyl, | are X and Y;
(g) pheny]} R'41s CH3, CH,TO or H;
(h) substituted phenyl in which the substituents = X (fﬂ;d Y are 1ndependent1y selected from
are X and Y, a) OH,
(i) Ci-10 alkylS(O), in which n is O to 2, s (b) halogen,
(j) Ci-g cycloalkylS(O),, (c) trifluoromethyl,
(k) phenylS(O),, - (d) Cy-zalkoxy,
(1) substituted phenylS(O), in which the substitu- (e) Ci-zalkylcarbonyloxy,
ents are X and Y, and (f) PhenyllﬁabeHleKY:
(m) oxo: . 20 (g) Ci-3alkoxycarbonyl,
(3) C1-10 alkoxy: (h) phenyloxycarbonyl,
(4) Cs-10 alkenyl; (1) hydrogen;
(3) Ci_g cycloalkyl; o () Ci-salkyl;
(6) substituted C3_g cycloalkyl in which one substit- a 1s a single bond or a double bond provided that
uent is selected from 35 when M 1s C-Z, a is a single bond.
() Cj-10 alkyl 6. A compound according to claim 5 wherein:
(b) substituted Cj-jg alkyl in which the substitu- M is
ent 1s selected from
(i) halogen, | '
(11) hYdroxy, 40 | —_C—7.
(iil) Cj-1g alkoxy, ‘
(iV) Ci-5 alkoxycarbonyl, 7 is Br;
(v) C1-5 acyloxy, R, is selected from:
(vi) phenyl, 1) C 1kyl;
(1) Ci-10 alkyl;
(vii) substituted phenyl in which the substitu- 45 (2) substituted Cj.1o alkyl in which one or more
ents are X and Y substituents(s) is selected from '
(}r'lll) Cl—lﬂ alkyls(o)m (a) ha]ogen,
(1x) Ci-g cycloalkylS(O),, (b) hydroxy,
(X? phen}{lS(O)n, | | (c) Ci-10 alkoxy,
(x1i) substituted phenylS(O), in which the sub- 5 (d) Ci-s alkoxycarbonyl,
stituents are X and Y, and (e) C1-s5 acyloxy,
(x11) oxo, (f) Cs-g cycloalkyl,
(¢) Ci-i0 alkylS(O)s, | (g) phenyl, |
(d) C3-3 cycloalkylS(O),, | (h) substituted phenyl in which the substituents
(e) phenylS(O)y, 55 are X and Y, and
(f) substituted phenylS(Q), in which the substitu- (i) oxo:
ents are X.and Y, (3) Ci-g CYCIG&H(YI;
Elglg ﬁalc?gens (4) substituted Cj3_g cycloalkyl in which one substit-
ydroxy, uent 1s selected from
(i) Ci-10 alkoxy, ’ 60 (a) Cy-10 alkyl,
(j) Ci-s alkocycarbonyl, (b) substituted Ci_ig alkyl in which the substitu-
(k) Ci-5 acyloxy, ent 1s selected from
(1) phenyl, and | (1) halogen,
(m) substituted phenyl in which the substituents (11) hydroxy,
- fil_lf‘? Xl and Y; 65 (1) Cy-10 alkoxy
phenyl; (iv) Ci-5 acyloxy,
(8) substituted phenyl in which the substituents are (v) Cj-5 alkoxycarbonyl,

X and Y; (v1) phenyl,
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(vir) substituted phenyl in which the substitu-
ents are X and Y, and
(viil) 0xo0,.
(c) halogen,
(d) hydroxy, .
(e) Ci-10 alkoxy,
(f) Ci-5 alkoxycarbonyl,
(g) C1—5 aCYIOXY1
(h) phenyl,
(1) substituted phenyl in which the substituents
are X and Y;
(5) phenylamino;
(6) substituted phenylamino in which the substitu-
ents are X and Y; 15
(7) phenylCy_jpalkylamino: and
(8) substituted phenyl Ci.19 alkylamino in which
the substituents are X and Y: |

X and Y are independently selected from
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25

30

35

40

435

50

55

60

635

32
(a) OH,
(b) F,
(¢) trifluoromethyl,
(d) Ci.3alkoxy,
(e) hydrogen;
(f) Ci-salkyl.
7. A compound according to claim 6 wherein: R is

Ci-10alkyl; R'41s CH3; or CH,TO.

8. A compound according to claim 7 selected from

10 the group wherein;

(a) Ry 1s 2-methyl-2-butyl, R'4is CH3, T is tert-butyl-
dimethylsilyl;

(b) R 1s 2-methyl-2-butyl, R'4 is CH,TO, T is tert-
butyldimethylsilyl;

(c) Ryis 2-butyl, R'4is CHj3, T is tert-butyldimethylsi-
lyl;

(d) R1is 2-butyl, R'4is CH;TO, T is tert-butyldime-
thylsilyl.

® % k k%
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